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(54) Exhaust gas purifying system for engine 

(57) An exhaust gas purifying system includes an 
exhaust gas purifying catalyst (14) having a nitrogen 
oxide absorbing material which is installed in an exhaust 
line (13) of an engine (1) and performs split fuel injection 
to inject fuel directly into each combustion chamber (5) 
partly during a suction stroke and partly during a com- 

FIG. 1 



pression stroke to provide and supply an increased 
amount of carbon monoxide to the nitrogen oxide 
absorbing material so as thereby to desorb sulfur oxides 
from the nitrogen oxide absorbing material. 
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Description 

[0001] The invention relates to an exhaust gas purifying system for an internal combustion engine. 

[0002] It has widely been known in the art to use nitrogen oxide absorbing materials for controlling NOx emission 

5 level. Such a nitrogen oxide absorbing material, installed in an exhaust line, on one hand, absorbs nitrogen oxides 
(NOx) in an exhaust gas while an air-fuel ratio of the exhaust gas is higher and, on the other hand, releases the nitrogen 
oxides (NOx) while the concentration of oxygen (0 2 ) in the exhaust gas is lowered. The nitrogen oxides (NOx) released 
from the nitrogen oxide absorbing material are then reduced. In the case where such a nitrogen oxide absorbing mate- 
rial is installed as a catalyst in an exhaust system of a vehicle which is used in a specific countries or regions where a 

w fuel and an engine oil contain sulfur, the nitrogen oxide absorbing material has a property of easily absorbing sulfur 
oxides (SOx) rather than nitrogen oxides (NOx) in the exhaust gas. The nitrogen oxide absorbing material poisoned as 
a result of sulfur oxide absorption suffers a significant decline in efficiency of nitrogen oxide absorption. 
[0003] Japanese Unexamined Patent Publication No. 6 - 272541 teaches that a nitrogen oxide absorbing material 
containing barium oxide is changed into barium sulfate (BaS0 4 ) due to poisoning by sulfur oxides (SOx) and that, when 

15 an air-fuel ratio of the exhaust gas is lowered after heating the nitrogen oxide absorbing material to a high temperature, 
the barium sulfate (BaSO^ is decomposed and desorbed in the form of a gas of sulfur oxide (S0 2 ). Further, Japanese 
Unexamined Patent Publication No. 6 - 272538 teaches that, in order to decompose nitrogen oxides (NOx) absorbed in 
a nitrogen oxide absorbing material installed in an exhaust line of an engine, hydrocarbons (HC) are imperfectly burnt 
to produce carbon monoxide (CO) and the carbon monoxide (CO) is supplied to the nitrogen oxide absorbing material 

20 to reduce it. 

[0004] However, in order to desorb a sulfur component in the form of a gas of sulfur oxide (S0 2 ) from the nitrogen 
oxide absorbing material only by heating the nitrogen oxide absorbing material, it is necessary to heat the nitrogen 
oxide absorbing material to approximately 800 to 900 °C, which causes thermal deterioration of the nitrogen oxide 
absorbing material and is always undesirable. During heating, there occurs no decomposition of barium sulfate 
25 (BaS0 4 ) nor desorption of sulfur oxide (S0 2 ) until the nitrogen oxide absorbing material is heated to a high temperature 
even when an air-fuel ratio of exhaust gas is lowered. Further, supplying carbon monoxide (CO) to the nitrogen oxide 
absorbing material is made not for the sake of dissolving poisoning by sulfur oxides (SOx) but for the sake of reducing 
nitrogen oxides (NOx). 

[0005] It is an objective of the invention to provide an exhaust gas purifying system equipped with a nitrogen oxide 
30 absorbing material which causes the nitrogen oxide absorbing material to desorb sulfur oxides (SOx) as a poisoning 
material therefrom even at low temperatures. 

[0006] As a result of a study and experiments regarding poisoning of nitrogen oxide absorbing materials by sulfur 
oxides (SOx) which have been conducted by the inventors of this application, it was revealed that supplying a large 
amount of carbon monoxides (CO) to a nitrogen oxide absorbing material with barium (Ba) contained causes easy des- 
35 orption of a sulfur component in the form of a gas of sulfur oxide (S0 2 ) from the nitrogen oxide absorbing material, 
based on which the exhaust gas purifying system of the invention was accomplished. 

[0007] The exhaust gas purifying system of the invention includes a nitrogen oxide absorbing material installed in an 
exhaust line of an engine to absorb nitrogen oxides (NOx) in the exhaust gas and to reduce them while a fuel mixture 
is lean and has a higher (leaner) air-fuel ratio represented by an excess air factor (X) is greater than 1 (one). During a 

40 specified engine operating condition under which emissions other than nitrogen oxides (NOx) are absorbed by the nitro- 
gen oxide absorbing material, the exhaust gas purifying system supplies carbon monoxide (CO) to the nitrogen oxide 
absorbing material and has it absorbed by nitrogen oxide absorbing material so as to release the other emissions from 
the nitrogen oxide absorbing material. In this instance, while an air-fuel ratio of the exhaust gas is higher (richer), NOx 
emissions in the exhaust gas are absorbed by the nitrogen oxide absorbing material and prevented from being dis- 

45 charged into the atmosphere. The nitrogen oxides (NOx) are released from the nitrogen oxide absorbing material when 
the air-fuel ratio of the exhaust gas becomes lower (leaner) and reduced. When the nitrogen oxide absorbing material 
is poisoned by the other emissions, carbon monoxide (CO) is supplied to the nitrogen oxide absorbing material to place 
it in an atmosphere of carbon monoxide (CO), so that exhaust components which are harder to be absorbed by the 
nitrogen oxide absorbing material than the carbon monoxide (CO) are made relatively easily releasable from the nitro- 

50 gen oxide absorbing material even at relatively lower temperatures and the carbon monoxide (CO) is absorbed by the 
nitrogen oxide absorbing material, consequently. As a result, the nitrogen oxide absorbing material is prevented from 
being poisoned. 

[0008] In the case where a problem of poisoning of the nitrogen oxide absorbing material by sulfur oxides (SOx) is 
encountered, while the nitrogen oxide absorbing material has a property of absorbing sulfur oxides (SOx) and carbon 
55 oxides (COx) (the order of relative difficulty of absorption being first nitrogen oxides (NOx), then sulfur oxides (SOx) and 
finally carbon oxides (COx) and experiences a drop in nitrogen oxides (NOx) absorption due to poisoning by sulfur 
oxides (SOx), however, it becomes easy to desorb sulfur oxides (SOx) at relatively low concentration and, as a result of 
which, it restores its NOx absorption ability There is a material containing alkaline earth metals and alkaline metals as 
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in a suction stroke only, and a type in which fuel is split into a plurality of parts and injected in a compression stroke only 
For the splitting fuel injection, a fuel injector must be frequently opened and closed for each combustion cycle, which 
increases a proportion of coarse fuel particles at the beginning of opening of the fuel injector,' so as to cause aggrava- 
tion of vaporization of fuel. As a result, even when a fuel mixture is uniformly distributed over the interior of the combus- 

5 tion chamber, carbon monoxide (CO) is easily produced due to imperfect combustion occurring locally in the 
combustion chamber. Further, a time allowed is considerably short before fuel ignition in the compression stroke, the 
fuel is fired in a state of considerably aggravated vaporization of fuel with an effect of rising a carbon monoxide emission 
level In view of fuel economy when split fuel injection is made, it is desirable to control a fuel mixture with an air-fuel 
ratio represented by an excess air factor (k) of 1 (one) in the whole combustion chamber. Fuel direct injection is pre- 

10 ferred to control an air-fuel ratio of a fuel mixture in the combustion chamber as well as to desorb poisoning components 
from the nitrogen oxide absorbing material. 

[001 3] The term "specified" engine operating condition used herein shall mean and refer that carbon monoxide (CO) 
is not regularly supplied, in other words the state where it is judged that there occurs an increase in the amount of sulfur 
oxides (SOx) absorbed in the nitrogen oxide absorbing material. For example, in the state where, while the engine is 

is under ordinary operating states in lower and middle zones of engine speeds and loading, an air-fuel ratio represented 
by an excess air factor {X) is higher than 1 (one), when regarding an engine operating zone in which there occurs a rise 
in exhaust gas temperature due to a rise in either one of engine speeds and loading as a X-1 zone, it is suitable to sup- 
ply carbon oxide (CO) by the split fuel injection in the X-1 engine operating zone. When engine operation enters an 
accelerating state from an ordinary operating state or stays in an ordinary operating state for a period longer than a 

20 specified period, it may be suitable to supply carbon oxide (CO) by the split fuel injection with an air-fuel ratio repre- 
sented by an excess air factor (X) of 1 (one). Further, carbon oxide (CO) may be supplied when the engine enters the 
X-1 engine operating zone after a specified period of duration of an ordinary operating state. 

[0014] As was previously described, supplying carbon oxide (CO) to the nitrogen oxide absorbing material makes it 
easy to desorb sulfur oxides (SOx). While hydrocarbon (HC) works as a reducing component as well as carbon mon- 

25 oxide (CO), its desorption effect is weak. However, under presence of zeolite, hydrocarbon (HC) is partly oxidized due 
to an catalytic effect of the zeolite to change to hydrocarbonate (HCO) and carbon monoxide (CO) which are effectively 
contributory to desorption of sulfur oxides (SOx). In view of the above, it is preferable to provide a layer of zeolite dis- 
posed over a layer of nitrogen oxide absorbing material so as to come into contact with exhaust gases prior to the nitro- 
gen oxide-absorbing material. Exhaust gases come into contact with the zeolite through which hydrocarbons (HC) in 

30 the exhaust gases are changed to hydrocarbonate (HCO) and carbon monoxide (CO) before contact with the nitrogen 
oxide absorbing material. When disposing the nitrogen oxide absorbing material layer on the upstream side of the nitro- 
gen oxide absorbing material in the exhaust line, the same effect as described above is also realized. 
[001 5] A layer of ceria may be disposed over a nitrogen oxide absorbing material layer so as to come into contact with 
exhaust gases prior to the nitrogen oxide absorbing material, which is desirable to accelerate desorption of sulfur oxides 

35 (SOx). Exhaust gases come into contact with the ceria before contact with the nitrogen oxide absorbing material. When 
disposing the ceria layer on the upstream side of the nitrogen oxide absorbing material in the exhaust line, the same 
effect as described above is also realized. 

[0016] In order to reduce nitrogen oxides (NOx) desorbed from the nitrogen oxide absorbing material, a nitrogen oxide 
purifying catalyst is disposed downstream from a nitrogen oxide absorbing device in the exhaust line, or otherwise, a 

40 nitrogen oxide absorbing material may be mixed with nitrogen oxide purifying catalytic metals Mixing these materials 
can be done in various manners. For example, an oxide absorbing layer of a nitrogen oxide absorbing material and a 
noble metal or noble metals is coated on a support member which is disposed in an exhaust line. The noble metal cat- 
alyst reduces nitrogen oxides (NOx) desorbed from the nitrogen oxide absorbing material. It is preferable to provide a 
nitrogen oxide absorbing material layer with barium (Ba), ceria and Platinum (Pt), which absorb nitrogen oxides (NOx), 

45 contained therein and a catalyst layer containing noble metals and zeolite over the nitrogen oxide absorbing material 
layer. Barium (Ba) does an excellent job of absorbing nitrogen oxides (NOx), and platinum (Pt) makes the nitrogen oxide 
absorbing material apt to desorb nitrogen oxides (NOx) as well as absorbing oxygen (0 2 ). As a result, there is provided 
an atmosphere microscopically suitable for reduction purification of nitrogen oxides (NOx). Platinum (Pt) is one having 
high reduction resolution among noble metals and, when combined with rhodium (Rh), yields an increase in nitrogen 

so oxide conversion efficiency. Although palladium (Pd) and iridium (Ir) are available as a noble metal, platinum (Pt) and 
rhodium (Rh) are more suitable. Noble metals in the catalyst layer reduces nitrogen oxides (NOx) desorbed from the 
nitrogen oxide absorbing material layer. As described above, while the zeolite changes hydrocarbons (HC) to hydrocar- 
bonate (HCO) and carbon monoxide (CO) with which desorption of sulfur oxides (SOx) is accelerated, it makes the cat- 
alyst layer reduce nitrogen oxides (NOx) in an atmosphere of exhaust gas with a lean air-fuel ratio. Accordingly, in this 

55 instance, nitrogen oxides (NOx) in the exhaust gas is partly reduced by the catalyst of the over layer and partly 
absorbed by the nitrogen oxide absorbing material of the under layer. The later nitrogen oxides (NOx) is reduced by the 
catalyst of the over layer when released as a result of an enriched air-fuel ratio. 

[0017] The nitrogen oxide absorbing material layer may contain cerium-zirconium (Ce-Zr) composite oxides in place 
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of ceria with an effect of improvement of heat resistance and resistance to poisoning by sulfur (S). While each of cerium- 
zirconium (Ce-Zr) composite oxides and ceria is able to absorb oxygen (0 2 ), the cerium-zirconium (Ce-Zr) composite 
oxides have higher resistance to sintering than the ceria when their particles exposed to intense heat. When ceria is 
sintered with intense heat, it buries platinum (Pt) as a noble metal and barium (Ba) as a nitrogen oxide absorbing mate- 

5 rial therein, so as to encounter chemical deterioration. However, because of the high resistance to sintering, cerium- 
zirconium (Ce-Zr) composite oxide is hard to cause chemical deterioration. Further, because of high ability to absorb 
oxygen (0 2 ), while cerium-zirconium (Ce-Zr) composite oxide produces an atmosphere in which nitrogen oxides (NOx) 
are easily reduced due to a drop in oxygen concentration microscopically around noble metals, it traps oxygen (0 2 ) of 
nitrogen oxides (NOx) to activate them for easy reduction. 

10 [001 8] The nitrogen oxide absorbing material layer has higher ability to oxidize nitrogen monoxide (HC) when contain- 
ing cerium-zirconium (Ce-Zr) composite oxides than when containing ceria and, however, cause a drop in ability to oxi- 
dize sulfur dioxide (S0 2 ). As a result, the nitrogen oxide absorbing material layer containing cerium-zirconium (Ce-Zr) 
composite oxides absorbs an increased amount of nitrogen oxides and, however, a decreased amount of sulfur oxides. 
In particular, the nitrogen oxide absorbing material layer containing a cerium-zirconium (Ce-Zr) composite oxide is 

75 improved in resistance to poisoning by sulfur (S) more when having a large proportion of zirconium oxide (Zr0 2 ) than 
when having a large proportion of cerium oxide (Ce0 2 ). 

[001 9] The utilization of cerium-praseodymium (Ce-Pr) composite oxide provides improvement of heat resistance 
more enhanced as compared with the utilization of ceria. This is thought to be a result of a small drop in oxygen absorp- 
tion ability of the cerium-praseodymium (Ce-Pr) composite oxide after exposure to heat. 

20 [0020] As apparent from the above, the engine exhaust purifying system of the invention causes the nitrogen oxide 
absorbing material to desorb sulfur oxides (SOx) even at relatively lower temperatures. In particular, in combination with 
supply of carbon monoxide (CO) by means of split fuel injection, the carbon monoxide content of exhaust gas is 
increased by fuel injection control to prevent poisoning of the nitrogen oxide absorbing material by sulfur oxides (SOx) 
without installing extra mean for producing carbon monoxide in the exhaust line. 

25 [0021] The foregoing and other objects and features of the present invention will be clearly understood from the fol- 
lowing detailed description of preferred embodiments when read in conjunction with the accompanying drawings in 
which: 

Figure 1 is a schematic illustration showing an engine equipped with an exhaust gas purifying system according to 
30 an embodiment of the invention; 

Figure 2 is a cross-sectional view of a two layer exhaust gas purifying catalyst employed in the exhaust gas purify- 
ing system shown in Figure 1 ; 

Figures 3 through 5 are a flow chart illustrating a sequence routine of fuel injection control; 

Figure 6 is a diagrammatic illustration showing a map of combustion zones for worm-up engine operation; 
35 Figure 7 shows time charts of fuel injection timing; 

Figure 8 is a diagrammatic illustration showing a map of combustion zones for cold engine operation; 

Figure 9 is a time chart of X-1 split fuel injection for ordinary engine operation; 

Figure 10 is a diagrammatic illustration showing a map in which no X-1 combustion zone is specified; 

Figure 1 1 is a flow chart illustrating a sequence routine of fuel injection control for the engine for which no A-1 com- 
40 bustion zone is specified; 

Figure 12 is a graph showing an effect of split fuel injection on specific fuel consumption and the carbon monoxide 

content of exhaust gas; 

Figure 13 is a graph showing an effect of split fuel injection on specific fuel consumption and the hydrocarbon con- 
tent of exhaust gas; 

45 Figure 14 is a graph showing an effect of split fuel injection on specific fuel consumption and exhaust gas temper- 
ature; and 

Figure 1 5 is a graph showing the relationship between split fuel injection timing in a suction stroke and carbon mon- 
oxide emission level; 

Figure 1 6 is a graph showing sulfur oxide (S0 2 ) desorption characteristics of nitrogen oxide absorbing materials 
so heated in different atmospheric conditions; and 

Figure 1 7 is a cross-sectional view of a three layer exhaust gas purifying catalyst employed in the exhaust gas puri- 
fying system shown in Figure 1 . 

[0022] The term "cold engine operation" as used herein shall mean and refer to engine operation while the engine is 
55 still cold, i.e. the temperature of the engine cooling water is lower than a specified temperature, and the term "warm-up 
engine operation" as used herein shall mean and refer to engine operation after the engine has suitably been warmed 
up, i.e. the temperature of the engine cooling water is equal or higher than the specified temperature. 
[0023] Referring to the drawings in detail and, in particular, to Figure 1 showing a fuel direct injection, internal com- 
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bustion engine 1 equipped with an exhaust gas purifying system in accordance with an embodiment of the invention, 
the internal combustion engine 1 consists of a cylinder block 2 and a cylinder head 3. The cylinder block 2 is provided 
with cylinder bores 2a (only one is shown) in which pistons 4 can slide. Combustion chambers 5 are formed by the tops 
of the pistons 4, a lower wall of the cylinder head 3 and the cylinder bores 2a. An intake port 6 and an exhaust port 7 
open into each combustion chamber 5, and opened and shut at a predetermined timing by an intake valve 8 and an 
exhaust valve 9, respectively. A spark plug 10 is installed to the cylinder head 3 with its electrode tip placed down in the 
central section of the combustion chamber 5. A fuel injector 1 1 is installed to the cylinder head 3 such that it injects and 
directs fuel toward downward below the spark plug 10 in the combustion chamber 5 from the side. The piston 4 at the 
top is formed with a cavity 12 by which fuel from the fuel injector 1 1 is bounced toward the spark plug 10. An exhaust 
gas purifying catalyst 14 is installed in an exhaust line 13 extending from the exhaust port 7. An engine control unit 15 
schematically shown in block, which is comprised of a programmed microprocessor, receives various signals from sen- 
sors including at least an engine speed sensor 15a, an accelerator position sensor 15b, an airflow sensor 15c and an 
engine cooling water temperature sensor 15d, all of which may be of any known types. On the basis of signals from the 
sensors 15a through 15d, the engine control unit 15 performs various engine control including fuel injection control in 
which the fuel injector 11 is controlled to inject fuel in a split fuel injection mode in a specified combustion zone with 
respect to engine operating conditions so that a high hydrocarbon content of exhaust gas is generated and directed to 
the exhaust gas purifying device 14, as will be described later. 

[0024] Figure 2 shows a catalyst 14 installed in the exhaust gas purifying device 14. The catalyst 14 uses a support 
member 21 such as a cordierite honeycomb bed coated with an under layer of a nitrogen oxide absorbing material 
(which is referred to as an NOx absorbing layer) and an over layer 23 of a catalytic material. The NOx absorbing layer 
22 contains a main component consisting of platinum (Pt) and barium (Ba), as a nitrogen absorbing material, carried 
by active alumina particles as a carrier of which particles have large specific surface areas. The catalyst layer 23 con- 
tains a main component consisting of platinum (Pt) and rhodium (Rh) carried by zeolite as a carrier. In this instance, the 
exhaust gas purifying device 14 may have a layer of ceria coated over the catalyst layer 23. 

[0025] The engine control unit 15 performs fuel injection control as a part of the engine control to determine current 
engine operating states, a fuel injection timing and a injector pulse width which is a measurement of how long the fuel 
injector 1 1 is kept open. Engine operating states include judgements of engine start, cold engine operation, warm-up 
engine operation, combustion zones and engine acceleration. These cold engine operation and warm-up engine oper- 
ation are judged on the basis of an engine cooling temperature. The engine operating conditions regarding combustion 
zones are judged on the basis of an engine speed and an amount of intake air. The engine acceleration is judged based 
on an accelerator position. The engine control unit 15 bears various maps in the form of look-up table which are used 
to judge engine operating states. As a result of these judgements, a fuel injection timing and an injector pulse width are 
determined following a flow chart logic shown in Figures 3 through 5. 

[0026] Figures 3 through 5 is a flow chart illustrating the fuel injection control sequence routine through which a fuel 
injection timing and an injector pulse width are determined. When the flow chart logic commences and control proceeds 
directly to a function block at step S1 where various signals from the sensors 15a - 15c are read in to determine an 
engine speed Ne represented by a signal from the engine speed sensor 15a, an accelerator position Acc represented 
by a signal from the throttle position sensor 15b. an amount of intake air Air represented by an air flow rate represented 
by a signal from the air flow sensor 1 5c and an engine cooling water temperature Th represented by a signal from the 
40 water temperature sensor 15d. When the engine speed Ne is higher than zero (0) but lower than a specified speed Nj 
as a result of a judgement made at step S2, this indicates that the engine 1 is immediately after an engine start, then, 
a starting injector pulse width, a suction stage injector pulse width Tai, and a fuel injection timing Tti for fuel injection 
performed in a suction stroke (which is hereafter referred to as a suction stage fuel injection) are determined at step S3. 
In this instance, compression stage fuel injection which refers fuel injection performed in a compression stroke is not 
caused and, accordingly, an injector pulse width Tac for the compression stage fuel injection is set to 0 (zero). When 
the engine speed is higher than the specified speed Nj, this indicates that the engine 1 is operated for a while after the 
engine start, then, a judgement is made at step S4 as to whether the engine cooling water temperature Th is higher 
than a specified temperature Thj for warm-up engine operation. When the engine 1 has warmed up, that is the cooling 
water temperature Th is higher than the specified temperature Thj, a judgement is further made as to whether the 
engine 1 operates in a warm-up X = 1 charge combustion zone ZW2 at step S5 or in a warm-up enriched charge com- 
bustion zone ZW3 at step S6. These judgements are made on the basis of the engine cooling water temperature and 
an engine load Ce represented by an air charging efficiency determined based on the amount of intake air Air. 
[0027] As shown in Figurfe 6, a warm-up engine operation control map for warm-up engine operation specifies three 
warm-up combustion zones, namely a warm-up stratified charge combustion zone 2W1 for lower and moderate engine 
speeds less than, for example, 3000 rpm and loading smaller than, for example, a half of full loading, a warm-up X « 1 
charge combustion zone ZW2 for medium higher engine speeds and loading and a warm-up enriched charge combus- 
tion zone Z3 for higher engine speeds and loading. In the warm-up stratified charge combustion zone ZW1 , fuel injec- 
tion is made in a compression stroke only to distribute and stratify a fuel mixture unevenly around the spark plug 10 as 
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shown in Figure 7. In the warm-up X = 1 charge combustion zone ZW2, fuel injection is made both in an early stage of 
a suction stroke and in a middle or a later stage of a compression stroke to distribute a fuel mixture with an excess air 
factor (X) of 1 as shown in Figure 7. In the warm-up enriched charge combustion zone ZW3, fuel injection is made dur- 
ing an early to middle stage of a suction stroke to distribute an enriched fuel mixture. When the answer to the decision 
5 concerning the warm-up enriched charge combustion zone ZW3 made at step S6 is negative, this indicates that the 
engine 1 operates in the warm-up stratified charge combustion zone 2W1. Even while the engine 1 operates in the 
warm-up stratified charge combustion zone ZW1 , when it is judged that the engine 1 is accelerated at step S7, fuel 
injection is performed in a split fuel injection mode as well as in the warm-up X = 1 charge combustion zone ZW2. It is 
determined that the engine 1 is accelerated based on the fact that there is an increase in engine speed, engine loading 
io or throttle position. Further, even while it is judged that the engine 1 is under cold operation at step S4, when it is deter- 
mined that the engine 1 operates in the cold X = 1 charge combustion zone ZC2 at step S8. fuel injection is divided into 
two stages, that is, the suction stage fuel injection and the compression stage fuel injection. As shown in Figure 8, a 
cold ^engine operation control map for cold engine operation specifies two cold combustion zones, namely a, cold X = 1 
charge combustion zone ZC2 for lower and moderate engine speeds and loading and a cold enriched charge combus- 
ts tion zone ZC3 for higher engine speeds and loading. When the engine 1 operates in the cold X = 1 charge combustion 
zone ZC2, a pulse width correction factor Caf determined based on an air-fuel ratio, specifically an excess air factor X 
in this embodiment, and a splitting ratio Ra (0 <: Ra <£ 1) are determined at step S9 as shown in Figure 4. In this instance, 
the splitting ratio Ra refers a ratio of an amount of compression stage fuel injection relative to an entire amount of fuel 
injection during a single combustion cycle. In the cold X = 1 charge combustion zone ZC2, the pulse width correction 
20 factor Caf is set to 1 (one). The splitting ratio is specified according to amounts of fuel injection in a fuel injection control 
map. Subsequently, at step S10, injector pulse widths Tai and Tac for the suction stage fuel injection and the compres- 
sion stage fuel injection are determined by calculating the following expressions: 

Tai = KGKF x Caf x Ce x (1 - Ra) 

25 

Tac = KGKF x Caf x Ce x Ra 

where KGKF is a pulse width factor determined based on an amount of fuel injection; 
Ra is a factor determined based on an air-fuel ratio. 
30 These factors KGKF and Ra have been experimentally determined with respect to amounts of fuel injection and air-fuel 
ratios, respectively, and stored in the form of map. 

In this instance, the pulse width correction factor Caf takes 1 (one) for an excess air factor X of 1 (one), this means that 
no correction is made for an injector pulse width when the excess air factor X is 1 (one). In this instance, the pulse width 
correction factor Caf is less than 1 (one) when the excess air factor X is greater than 1 (one) and is greater than 1 (one) 
35 when the excess air factor X is less than 1 (one). Subsequently, at step S1 1 , fuel injection timings Tti and Ttc are deter- 
mined for the suction stage fuel injection with the injector pulse width Tai and the compression stage fuel injection with 
the injector pulse width Tac as shown in Figure 7. 

[0028] As shown in Figure 5, after the determination of the fuel injection timings at step S1 1 , a judgement is made at 
step SI 2 as to whether the injector pulse width Tai for the suction stage fuel injection is 0 (zero). In the cold X = 1 charge 

40 combustion zone ZC2, the injector pulse width Tai has a certain measurement to perform the suction stage fuel injec- 
tion. As soon as the injection timing Tti for the suction stage fuel injection has come at step S13, the engine control unit 
15 provides a drive pulse having the injector pulse width Tai to drive the fuel injector 1 1 to spray fuel in a suction stroke 
at step S14. In the same manner, in the cold X = 1 charge combustion zone ZC2, as soon as the injection timing Ttc for 
the compression stage fuel injection has come, the engine control unit 15 provides a drive pulse having the injector 

45 pulse width Tac to drive the fuel injector 11 to spray fuel in a compression stroke through steps S15 to S1 7. 

[0029] The affirmative answer to the judgement made at step S6 or the negative answer to the judgement made at 
step S8 indicates that the engine 1 operates in the enriched charge combustion zone ZW3 or ZC3. In any enriched 
charge combustion zone ZW3 or ZC3, after setting the pulse width correction factor Caf and the splitting ratio Ra to EN 
and 0 (zero), respectively, at step S18 (see Figure 4), injector pulse widths Tai and Tac for the suction stage fuel injec- 

50 tion and the compression stage fuel injection are determined at step S10 and, subsequently, fuel injection timings Tti 
and Ttc are determined for the suction stage fuel injection with the injector pulse width Tai and the compression stage 
fuel injection with the injector pulse width Tac at step S1 1. In these enriched charge combustion zones ZW3 and ZC3 
where only the suction stage fuel injection is performed, while the pulse width correction factor Caf is greater than 1 
(one), the splitting ratio Ra is 0 (zero). 

55 [0030] When the answer to the decision concerning acceleration made at step S7 is negative, this indicates that the 
engine 1 operates under ordinary conditions in the warm-up stratified charge combustion zone ZW1 , then, only when 
a specified period of time (which is referred to a DISC time period) has passed from a transition to an ordinary operating 
condition from an accelerating condition, fuel injection is performed in the split fuel injection mode for a specified period 
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of time (which is referred to as a SPRT time period). Specifically, when a transition flag F DISC remains down or is not 
yet set up to a state of "1 " which indicates that the engine 1 has not yet entered an ordinary operating condition at step 
S1 9, then, after setting the transition flag F D | SC to the state of "1 " at step S20 and a DISC timer to the DISC time at step 
S21 , an injector pulse width Tai and a fuel injection timing Tti for the suction stage fuel injection are determined at step 

5 S22 to perform the suction stage fuel injection through steps S12 to S17. On the other hand, when the transition flag 
F DISC has been up, this indicates that the engine 1 has been under an ordinary operating condition, then, a judgement 
is made at step S23 as to whether the DISC timer has counted up the DISC time When the DISC time has not yet been 
over, the suction stage fuel injection is continued. However, when the DISC time has been over, after resetting the tran- 
sition flag F D | SC down at step S24, it enters the SPIJ time period for the split fuel injection, which is indicated by a split 

10 injection flag F SPRT set to a state of "1 When the split injection flag Fsprt is down at step S25, after setting the split 
injection flag F SPRT up at step S26 and a SPRT timer to the SPRT time at step S27, the split fuel injection is performed 
through steps S9 to S17. On the other hand, when the split injection flag F SPRT is up at step S25, it is judged at step 
S28 as to whether the SPRT time period has been over. Until the SPRT time period SPRT becomes over, the split fuel 
injection is continued through steps S9 to S17. When the SPRT time period SPRT becomes over, after resetting the 

rs split injection flag F SPRT down at step S29, only the suction stage fuel injection is performed through steps S12 to S17 
via step S22. 

[0031] By this way, in the case where, while the engine 1 operates in the X = 1 charge combustion zone ZW2 or ZC2, 
accelerating engine operation or warm-up ordinary engine operation continues, the split fuel injection is temporarily 
conducted for the specified period of time, as a result of which, a carbon monoxide (CO) emission increases with an 

20 effect of increasing the temperature of exhaust gas and is trapped by the NOx absorbing layer 22 of the catalyst 1 4. The 
carbon monoxide (CO) accelerates desorption of sulfur oxides (SOx) from the NOx absorbing layer 22, re-activating the 
NOx absorbing layer 22. In particular, while the engine 1 is in an operating zone of middle engine speeds less than, for 
example, 3000 rpm and middle loading smaller than, for example, a half of full loading where the exhaust gas is at a 
high temperature, or after the engine 1 has shifted to the operating zone, the split fuel injection may be performed with 

25 an effect of preventing the nitrogen oxide absorbing material being poisoned by sulfur oxides (SOx). 

[0032] In the engine control for internal combustion engines for which a X - 1 charge combustion zone is not specified 
as shown in Figure 10, split fuel injection is performed following a sequence routine illustrated by a flow chart shown in 
Figure 1 1 in place of steps S1 through S8 of the flow chart of the fuel injection control sequence routine shown in Figure 
3. 

30 [0033] As shown in Figure 1 1 , after reading in current engine operating conditions at step S1 01 , a judgement is made 
at step S102 as to whether the engine operating condition is in a stratified charge combustion zone ZW1 and, when 
affirmative, another judgement is made at step S103 as to acceleration. While the engine operates in the stratified 
charge combustion zone Z1 , it is under ordinary operation, the flow chart logic proceeds to step S1 9 of the flow chart 
of the fuel injection control sequence routine shown in Figures 4 and 5 to perform the split fuel injection for a A = 1 

35 charge combustion. On the other hand, while the engine operates in the stratified charge combustion zone Z1, it is 
under acceleration, the flow chart logic proceeds to step S9 of the flow chart of the fuel injection control sequence rou- 
tine shown in Figures 4 and 5 to perform the split fuel injection for a X = 1 charge combustion. When the engine operates 
out of the stratified charge combustion zone Z1 , in other words, operates in an enriched charge combustion zone Z3, 
the flow chart logic proceeds to step SI 8 of the flow chart of the fuel injection control sequence routine shown in Figures 

40 4 and 5 to perform the suction stage fuel injection only. 

[0034] Figure 12 shows the relationship of specific fuel consumption relative to the carbon monoxide (CO) content of 
exhaust gas per one horsepower for one hour for the suction stage fuel injection and the split fuel injection with various 
splitting ratios Ra between 22 and 60%. Fuel ignition was made with various ignition timing retards. Further, both suc- 
tion stage and split fuel injection were timed at 65° before top dead center, the split fuel injection with a split ratio Ra of 

45 50% was further made with some advances before top dead center of a combustion stroke. Measurement conditions 
were of an engine speed of 1 ,500 rpm, a mean effective pressure of 3 kgf/crn 2 and an excess air ratio of 1 . 
[0035] As apparently revealed in Figure 12, although the suction stage fuel injection yields an increase in the carbon 
monoxide (CO) content of exhaust gas due to retardation of an ignition timing, the split fuel injection yields a noticeable 
increase in the carbon monoxide (CO) content of exhaust gas which is twice as much as that resulting from the suction 

so stage fuel injection. Further, it is proved that the carbon monoxide (CO) content of exhaust gas is reduced as the fuel 
injection timing is advanced. There is no aggravation of specific fuel consumption. It can be said on the basis of the 
result that the split fuel injection enables the NOx absorbing layer 22 of the catalyst 14 to receive an increased amount 
of carbon monoxide (CO) emission. 

[0036] Figure 13 shows the relationship of the hydrocarbon (HC) content of exhaust gas relative to specific fuel con- 
55 sumption per one horsepower for one hour for the suction stage fuel injection and the split fuel injection measured under 
the same condition as the carbon monoxide (CO) content of exhaust gas shown in Figure 12. It is revealed in Figure 13 
that the split fuel injection yields a decrease in the hydrocarbon (HC) content of exhaust gas, 

that although the hydrocarbon (HC) content of exhaust gas is reduced by the suction stage fuel injection only due to 
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retardation of an ignition timing, it is noticeably reduced by the split fuel injection, and that there occurs an increase in 
the hydrocarbon (HC) content of exhaust gas due to an advancement of fuel injection timing during the split fuel injec- 
tion. It can be said on the basis of the result that the split fuel injection reduces the hydrocarbon content of exhaust gas 
on condition that the hydrocarbon keeps an amount necessary to fulfill a reduction effect for purifying nitrogen oxides 

5 (NOx), which is always desirable for exhaust gas purification. 

[0037] Figure 1 4 shows the temperature of exhaust gas measured under the same condition as the carbon monoxide 
(CO) content of exhaust gas shown in Figure 12. It is revealed in Figure 14 that while a rise in exhaust gas temperature 
is caused by simply retarding an ignition timing, it is noticeable when the split fuel injection is performed. 
[0038] The split fuel injection may be performed during a suction stroke only. This suction stroke split fuel injection is 

10 made-after a specified duration of the split fuel injection in suction and compression strokes in an accelerating state with 
middle engine speed and loading or may be performed while the engine 1 operates with lower engine speed and higher 
engine loading. In this instance, the suction stroke split fuel injection provides an effect of an increase in the carbon 
monoxide content of exhaust gas as well as the split fuel injection in suction and compression strokes. 
[0039] Figure 1 5 shows the carbon monoxide emission level when the split fuel injection is performed in a later stage 

is of a suction stroke. As seen in Figure 15, it is proved that retarding a fuel injection timing toward the later stage of a 
suction stoke provides a rise in carbon monoxide emission level. 

[0040] Figure 1 6 shows a sulfur oxide desorption characteristic of the NOx absorbing layer 22 in various atmospheres 
after poisoned by a large amount of sulfur oxide (S0 2 ). A pure helium gas and a helium gas containing 1 % of carbon 
monoxide (CO), hydrogen (H 2 ) or oxygen (0 2 ) were employed as an atmospheric gas. 

20 [0041] As shown in Figure 16, it is revealed that the NOx absorbing layer 22 is hard to desorb sulfur oxide (S0 2 ) in 
an oxidizing gas such as oxygen (0 2 ) even at a high temperature, and that the NOx absorbing layer 22 accelerates des- 
orption of sulfur oxide (S0 2 ) in a reducing gas such as carbon monoxide (CO) and hydrogen (H 2 ). It is clear that a gas 
of carbon monoxide (CO) causes the NOx absorbing layer 22 to desorb over a wide range of gas temperatures. In par- 
ticular, the NOx absorbing layer 22 yields an enhanced effect of desorbing sulfur oxide (S0 2 ) in the reduction gas with 

25 atmospheric gas temperatures starting from a temperature of 400° C and shows a significant peak of sulfur oxide (S0 2 ) 
desorption in the reducing gas at a temperature of 600°C. The temperature of exhaust gas discharged from an engine 
under ordinary operating condition is between 400 and 600°C. The split fuel injection in the warm-up X = 1 charge com- 
bustion zone provides an increase in the carbon monoxide (CO) content of exhaust gas and a slight rise in exhaust gas 
temperature and, as a result of which, the NOx absorbing material of the catalyst desorbs effectively sulfur oxide (S0 2 ) 

30 and is re-activated. This effect is more significant when the catalyst contains ceria or cerium oxide (Ce0 2 ). 

[0042] For an actual use test of the exhaust gas purifying catalyst used in the exhaust gas purifying system of the 
invention, two types of exhaust gas purifying catalysts were prepared, namely a two layer catalyst comprised of a nitro- 
gen oxide absorbing material layer 22 and a catalytic material layer 23 coated on a support member 21 as shown in 
Figure 2 and a three layer catalyst comprised of a nitrogen oxide absorbing material layer 22, a catalytic material layer 

35 23 and a sera layer coated on a support member 21 in this order as shown in Figure 17. A cordierite monolith honey- 
comb bed, was used as the support member 21. In both exhaust gas purifying catalysts, the nitrogen oxide absorbing 
material layer 22 contained platinum (Pt) and barium (Ba) carried by alumina and ceria, and a hydrate alumina binder, 
and the catalytic material layer 23 contained platinum (Pt) and rhodium (Rh) carried by zeolite and a hydrate alumina 
binder. The ceria layer of the three layer catalyst contained ceria and a hydrate alumina binder. 

40 [0043] For preparation of the two layer catalyst, alumina and ceria, and a hydrate alumina binder was mixed with a 
weight ratio of 46.5 : 46.5 : 7, and then added by water and nitric acid to provide slurry of the mixture. The nitric acid 
was added to regulate a pH of the mixture slurry between 3.5 and 4. The cordierite monolith honeycomb bed 21 was 
dipped in the mixture slurry. After removing an excess part of the mixture slurry, the cordierite monolith honeycomb bed 
21 was dried at 150°C 1or two hours and subsequently burnt at 5O0°C for two hours. The process was performed one 

45 time such that each of the alumina and ceria was born 78g per one litter of the cordierite monolith honeycomb bed 21 
(which is hereafter expressed as 78g/l_). As a result, the under layer 22 comprising the total amount of alumina and 
ceria which was 37 weight % of the cordierite monolith honeycomb bed 21 was formed on the cordierite monolith hon- 
eycomb bed 21 . 

[0044] Further, a dinitro-diamine platinum solution and a rhodium nitrate solution were mixed such that a ratio of plat- 
so inum (Pt) and rhodium (Rh) contained in the mixture was 75 : 1 . The mixture was added by powdered zeolite (MFI type) 
and diluted with water to provide slurry such that the total weight amount of platinum (Pt) and rhodium (Rh) per 1 Kg of 
zeolite was 24g. The slurry was dried with a spray -drying device and subsequently burnt at 500°C for two hours to pre- 
pare platinum and rhodium (Pt-Rh), carrying zeolite powder. 

[0045] The Pt-Rh carrying zeolite powder was mixed with hydrate alumina with a weight ratio of 85 : 15 and subse- 
55 quently added to water to provide slurry. The cordierite monolith honeycomb bed 21 with an alumina and ceria layer 
coated thereon was dipped in the mixture slurry. After removing an excess part of the mixture slurry, the cordierite mon- 
olith honeycomb bed 21 was dried at 150°C for two hours and subsequently burnt at 500°C for two hours. The process 
was performed such that each of the total amount of platinum and rhodium was between 20 and 22 g/L (5 weight % of 
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the cordierite monolith honeycomb bed 21 ). As a result, the over layer 23 comprising platinum and rhodium was formed 
on the under layer 22 on the cordierite monolith honeycomb bed 21. 

[0046] Further, the cordierite monolith honeycomb bed 21 was impregnated with a mixture of a dinitro-diamine plati- 
num solution and a barium nitrate solution such that it bears 6.5 g/L platinum and 30 g/L barium. Thereafter, the cordier- 

5 ite monolith honeycomb bed 21 was dried at 1 50°C for two hours and subsequently burnt at 500°C for two hours. In this 
instance, the solutions containing platinum and barium, respectively, pass through ceria and zeolite without stopping 
because of small specific surface areas of ceria and zeolite particles and reaches alumina, so that the platinum and bar- 
ium are carried by the alumina. Through these processes, the two layer catalyst was completed. 
[0047] For preparing the three layer catalyst, the two layer catalyst before impregnation with a mixture of a dinitro- 

10 diamine platinum solution and a barium nitrate solution was dipped in a water slurry containing ceria and hydrate alu- 
mina with a weight ratio of 10 : 1 . After removing an excess part of the slurry, the cordierite monolith honeycomb bed 
21 was dried at 150°C for two hours and subsequently burnt at 500°C tor two, hours. The process was performed such 
that the amount of ceria was 100 g/L. As a result, the ceria layer 24 was formed on the over layer 23 on the cordierite 
monolith honeycomb bed 21 . Thereafter, the cordierite monolith honeycomb bed 21 was impregnated with a mixture of 

75 a dinitro-diamine platinum solution and a barium nitrate solution to complete the three layer catalyst. 

[0048] Actual use tests were made by operating a fuel direct injection type of two-line, four cylinder engine having an 
exhaust line with each of the exhaust gas purifying catalysts installed below a floor of a passenger compartment of a 
vehicle. The engine was operated with a space velocity of 25000/h in an MC transitional mode for a specified period of 
time. Representing the capacity of an reactor (noney-comb converter) as V nad the volume of the material (exhaust 

20 gas) to be introduced into the reactor during a unit of time (hour) under normal condition as P, then PA/ is called space 
velocity. Further, the engine was operated with use of a fuel containing 150 ppm sulfur for 24 hours such that exhaust 
gas risen to and kept a temperature of 350°C so as to poison the catalyst by sulfur (S). Then, under a condition of a 
space velocity of 25000/h, nitrogen oxide conversion efficiency was measured for 130 seconds after a change in air-fuel 
ratio to a lean side from a rich side. Further, after flowing exhaust gas, whose air-fuei ratio was 13.5 and which was com- 

25 prised of 13% of C0 2 , 0.2% of 0 2 2.8% of CO, 0.9% of H 2 , 0.06% of HC, 0.1% of NO and the balance of N 2 , through 
the catalyst at 500° C for 30 minutes, nitrogen oxide conversion efficiency was measured under the same conditions. 
Differences between the nitrogen oxide conversion efficiency after poisoning and the nitrogen oxide conversion effi- 
ciency after reactivation were obtained. As a result, the two layer catalyst caused a 13% difference of nitrogen oxide 
conversion efficiency, and the three layer catalyst caused a 33% difference of nitrogen oxide conversion efficiency, This 

30 result reveals that supply of carbon monoxide reactivates the nitrogen oxide absorbing material poisoned by sulfur, and 
the ceria layer affect on reactivation of the poisoned nitrogen oxide absorbing material. 

[0049] It is to be understood that although the present invention has been described with regard to preferred embod- 
iments thereof, various other embodiments and variants may occur to those skilled in the art, which are within the scope 
and spirit of the invention, and such other embodiments and variants are intended to be covered by the following claims. 

35 

Claims 

1 . An exhaust gas purifying system having a nitrogen oxide absorbing material (14) disposed in an exhaust line (13) 
of an internal combustion engine (1) for absorbing nitrogen oxides in exhaust gases containing other emissions 
40 when a fuel mixture is leaner than a fuel mixture of an excess air factor of 1 (one) to reduce the nitrogen oxides so 
as thereby to purify the exhaust gas, said exhaust gas purifying system being characterised by: 

engine operating condition detecting means (15a - 15D) for detecting a specific engine operating condition in 
which said nitrogen oxide absorbing material (14) absorbs said other emission; and 
45 carbon monoxide supply means (11, 1 5) for supplying carbon monoxide to said nitrogen oxide absorbing mate- 

rial so that said nitrogen oxide absorbing material (14) absorbs said carbon monoxide and desorbs said other 
emission while said specific engine operating condition is detected. 

The exhaust gas purifying system as defined in claim 1 , wherein said carbon monoxide supply means (11,15) pro- 
duces a rich fuel mixture with an air-fuel ratio represented by an excess air factor equivalent to 1 (one) or higher 
locally in a combustion chamber (5) of the engine (1) and a lean fuel mixture with an air-fuel ratio represented by 
an excess air factor lower than 1 (one) in the combustion chamber (5) around said rich fuel mixture and burns said 
rich and lean fuel mixtures so as thereby to provide an increase in an amount of carbon monoxide in the exhaust 
gas. 

55 

3. The exhaust gas purifying system as defined in claim 1 or 2, wherein said carbon monoxide supply means (11.15) 
produces a rich fuel mixture with an air-fuel ratio represented by an excess air factor of 1 (one) or higher near a 
spark plug in a combustion chamber (5) of the engine (1) and a lean fuel mixture with an air-fuel ratio represented 
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by an excess air factor lower than 1 (one) in the combustion chamber (5) around said rich fuel mixture and burns 
said rich and lean fuel mixtures so as thereby to provide an increase in an amount of carbon monoxide in the 
exhaust gas. 

5 4. The exhaust gas purifying system as defined in one of the preceding claims, wherein said carbon monoxide supply 
means (1 1 , 15) divides an amount of fuel to be injected for one combustion cycle for each cylinder into a plurality 
of parts and injects said fuel directly into the combustion chamber (5) during suction and compression strokes so 
as thereby to provide an increase in an amount of carbon monoxide in the exhaust gas. 

io 5. The exhaust gas purifying system as defined in claim 4, wherein said carbon monoxide supply means (11, 15) 
divides an amount of fuel to be injected for one combustion cycle for each cylinder into a plurality of parts and 
injects said fuel directly into the combustion chamber (5) at least one time during each of suction and compression 
strokes so as thereby to provide an increase in an amount of carbon monoxide in the exhaust gas. 

is 6. The exhaust gas purifying system as defined in claim 4, wherein said carbon monoxide supply means (11, 15) 
divides an amount of fuel to be injected for one combustion cycle for each cylinder into a plurality of parts and 
injects said fuel directly into the combustion chamber (5) during a suction stroke only so as thereby to provide an 
increase in an amount of carbon monoxide in the exhaust gas. 

20 7. The exhaust gas purifying system as defined in one of the claims 4 to 6, wherein said carbon monoxide supply 
means (11, 15) divides an amount of fuel to be injected for one combustion cycle for each cylinder into a plurality 
of parts and injects said fuel directly into the combustion chamber (5) so as thereby to deliver an air-fuel ratio of a 
whole fuel mixture in the combustion chamber represented by an excess air factor of 1 (one). 

25 8. The exhaust gas purifying system as defined in one of the preceding claims, wherein said nitrogen oxide absorbing, 
material (14) is comprised of at least one of alkaline earth metafs, alkaline metals and rare-earth metals. 

9. The exhaust gas purifying system as defined in one of the preceding claims, wherein said nitrogen oxide absorbing 
material (14) is coated as a nitrogen oxide absorbing layer (22) on a support member (21) installed in the exhaust 

30 line (13). 

1 0. The exhaust gas purifying system as defined in claim 9, and further comprising 

zeolite disposed on said support member (21) so as to come into contact with the exhaust gas prior to said 
35 nitrogen oxide absorbing material (14). 

11. The exhaust gas purifying system as defined in claim 9, and further comprising 

ceria disposed on said support member (21) so as to come into contact with the exhaust gas prior to said nitro- 
40 gen oxide absorbing material (1 4). 

12. The exhaust gas purifying system as defined in one of the claims 9 to 1 1 , wherein said nrtrogen oxide absorbing 
layer (22) contains at least one of noble metals. 

45 13. The exhaust gas purifying system as defined in one of the claims 9 to 12, and further comprising a catalyst layer 
(23) coated over said nitrogen oxide absorbing layer (22), wherein said nitrogen oxide absorbing layer (22) contains 
barium and platinum and said catalyst layer (23) contains zeolite and at least one of noble metals. 

14. An exhaust gas purifying system having a nitrogen oxide absorbing material (14) comprised of at least one of alka- 
so line earth metals, alkaline metals and rare-earth metals 

which is disposed in an exhaust line (13) of an internal combustion engine (1) to reduce and purify nitrogen oxides 
in exhaust gases containing other emissions, said exhaust gas purifying system being characterized by: 

carbon monoxide supply means (1 1 , 15) for producing a rich fuel mixture with an air-fuel ratio represented by 
55 an excess air factor of 1 (one) or higher locally in a combustion chamber (5) of the engine (1) and a lean fuel 

mixture with an air-fuel ratio represented by an excess air factor lower than 1 (one) in the combustion chamber 
(5) around said rich fuel mixture and burns said rich and lean fuel mixtures so as thereby to provide an increase 
in an amount of carbon monoxide in the exhaust gas while the engine is operating in a specific zone of engine 
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operating conditions in which said nitrogen oxide absorbing material (14) absorbs said other emission. 

15. An exhaust gas purifying system having a nitrogen oxide absorbing material (14) capable of absorbing carbon 
oxides, sulfur oxides and nitrogen oxides absorbable in this order to reduce and purify nitrogen oxides in exhaust 
5 gases containing other emissions, said exhaust gas purifying system being characterized by: 

carbon monoxide supply means (11, 15) for producing a rich fuel mixture with an air-fuel ratio represented by 
an excess air factor of 1 (one) or higher locally in a combustion chamber (5) of the engine (1) and a lean fuel 
mixture with an air-fuel ratio represented by an excess air factor lower than 1 (one) around said rich fuel mix- 
io ture in the combustion chamber (5) and burnning said rich and lean fuel mixtures so as thereby to provide an 

increase in an amount of carbon monoxide in the exhaust gas while the engine (1) is operating in a specific 
zone of engine operating conditions in which said nitrogen oxide absorbing material (14) absorbs said other 
emission. 

75 1 6. An exhaust gas purifying system, cooperating with fuel supply means (1 1) for supplying fuel to a combustion cham- 
ber (5) of an internal combustion engine (1) and air-fuel ratio control means (11, 15) for changing a target air-fuel 
ratio between an excess air factor equal to or less than 1 (one) and an excess air factor higher than 1 (one) accord- 
ing to engine operating conditions and controlling an amount of fuel injection to deliver said target air-fuel ratio, for 
purifying exhaust gas containing emissions including nitrogen oxides from the engine (1), asid exhaust gas purify- 

20 ing system being characterized by: 

nitrogen oxide absorbing means (14) disposed in an exhaust line (13) of the engine (1) for absorbing nitrogen 
oxides in exhaust gases from the engine (1) while an air-fuel ratio represented by an excess air factor is higher 
than 1 (one) and desorbing said nitrogen oxides therefrom while an air-fuel ratio represented by an excess air 
25 factor is equal to or lower than 1 (one), and emission removing means (11, 15) for removing emissions other 

than said nitrogen oxides absorbed by said nitrogen oxide absorbing means (14), said emission removing 
means (11, 15) supplying carbon monoxide to said nitrogen oxide absorbing means (14) while said engine (1) 
operates in a specific zone of engine operating conditions in which said nitrogen oxide absorbing means 
absorbs said emission other than said nitrogen oxides. 
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